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SOME  OBSERVATIONS 


ON  THH 

SENSIBILITY  OE  THE  EYE  TO  COLOUK.15 


If?  closing  one  eye — say  the  right — any  highly  luminous  white 
ground,  such  as  some  portions  of  the  sky  on  a sunny  day,  is 
viewed  with  the  left  through  a dark  tube,  so  as  to  exclude  all 
extraneous  light,  after  a little  the  eye  will  begin  to  feel  fatigued, 
and  a librating  circular  smoky  spectrum  will  be  perceived  at  the 
end  of  the  tube.  When  the  tube  is  laid  aside  and  both  eyes  are 
directed  to  the  sky,  a similar  spectrum  will  be  observed,  projected, 
as  it  were,  on  the  surface  of  the  heavens,  but  much  darker.  But 
if  after  a time  each  eye  is  alternately  opened  and  closed,  a rose- 
coloured  spectrum  is  seen  with  the  left  eye,  a pale-green  one 
with  the  right.  These  appearances  are  seen  still  better  if,  instead 
of  the  sky,  a white  screen  is  used  as  the  plane  of  projection  in 
the  second  part  of  the  experiment.  At  first  an  almost  black 
circular  disc  is  seen  ; this  becomes  lighter  and  lighter,  till  it  is 
finally  succeeded  in  the  left  eye  by  a bright  rose-colour  disc, 
surrounded  by  a violet  border ; in  the  right  eye  by  an  equally 
bright  green,  with  a rose  border.  These  spectra  sometimes 
appear  as  if  upon  the  surface  of  the  screen,  sometimes,  on  the 
contrary,  as  if  originating  within  the  eyeball  itself,  and  indeed 
may  be  even  seen  with  both  eyes  closed.  To  see  the  above 
phenomena  in  all  their  intensity,  a slightly  different  plan  must 
be  adopted.  As  the  field  of  projection,  a sheet  of  dead  black 
paper  in  a dark  room  is  to  be  used ; the  spectra  then  seen  with 
either  eye  are  the  same,  and  their  colours  most  splendid,  both  as 
regards  brightness  and  tint.  At  first  an  emerald-green  disc 
appears,  surrounded  by  a narrow  carmine,  or  perhaps,  more 
accurately,  magenta  border;  the  magenta  tint  is  then  seen  to 
encroach  more  and  more  upon  the  green,  till  the  whole  disc  is  of 
the  former  colour,  surrounded  by  a bluish-violet  border ; this 
last,  in  its  turn,  invades  the  magenta,  till  the  final  spectrum  is 
of  one  uniform  indigo-violet  colour. 

* Since  writing  this  paper,  my  attention  has  been  directed  to  a series  of 
elaborate  disquisitions  by  Brticke  and  Fecliner  in  Poggendorf’s  Annalen  der 
Physiku.  Chemie,  vols.  lxxxiv.,  1.,  and  xliv.,  to  which  I beg  to  refer  my  readers. 
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The  above  is  the  general  sequence  of  colours  which  I,  and 
other  persons  whom  I have  asked  to  perform  the  experiment, 
have  observed  ; but  these  are  liable  to  exceptions.  Occasionally, 
the  librating  spectrum  observed  at  the  end  of  the  tube  in  the 
first  part  of  the  experiment,  acquires  a faint  rose,  green,  or  violet 
tint.  Sometimes,  I have  seen  the  spectra  of  the  right  and  left 
eyes,  in  the  second  part  of  the  experiment,  reversed  as  regards 
colour. 

These  facts  appear  to  prove  the  following  propositions: — 

1.  That  colour  sensations  may  be  excited  in  the  retina,  or 
brain,  altogether  independently  of  any  external  colour-stimulus. 

2.  That  as  an  optical  analysis  of  white  light  may  be  effected 
by  a prism,  so  with  the  eye  we  possess  the  power  of  effecting, 
what  may  be  called,  its  physiological  analysis. 

3.  The  last  proposition  tends  to  the  conclusion  that  white 
light  consists  of  three  fundamental  colours — magenta,  emerald- 
green,  and  indigo-violet — corroborating  in  a remarkable  manner 
the  opinions  of  Professor  Maxwell  and  Dr.  Young  on  the  same 
subject. 

4.  That  a colour  sensation  excited  in  one  eye  is  generally  felt 
in  the  other,  although  this  latter  has  not  been  exposed  to  the 
influence  of  light  in  any  part  of  the  experiment ; that,  in  a word, 
a very  close  sympathy  exists  in  the  two  retinm,  of  which  the 
consentaneous  action  of  the  two  irides  is  probably  but  a reflex 
nervous  consequence. 

I may  here  allude  to  a distinction  in  ocular  spectra,  which 
has,  I believe,  not  been  taken  much  account  of  by  observers  of 
these  phenomena.  Some  spectra  seem  as  if  projected  on  the 
plane  to  which  we  direct  the  eye, and  in  that  case  appear,  as  I have 
found  from  numerous  measurements,  linearly  magnified  in  pro- 
portion to  the  distance  of  the  eye  from  the  plane  of  projection. 
Other  spectra,  on  the  contrary,  are  perceived,  so  to  say,  in  the 
eyeball  itself,  and  are  of  a subjective  nature.  Independent  of 
the  differences  of  their  apparent  seats,  the  two  classes  of  spectra 
present  certain  other  well-defined  distinctions.  Projected  spectra 
are  only  perceived  with  the  eyes  open,  and  are  generally  but 
faint  in  colour;  while  subjective  ones  may  be  seen  with  the 
eyes  shut,  and  are  always  intense  in  colour.  At  the  same  time 
I am  disposed  to  ascribe  the  differences  of  colour,  in  a certain 
degree,  to  the  diluting  influence  of  extraneous  light;  for  pro- 
jected spectra  are  always  seen  more  vivid  in  a dark  room  than 
in  daylight. 

The  green  spectrum  observed  on  a sheet  of  white  paper,  after 
prolonged  contemplation  of  a red  wafer,  has  been  commonly 
explained  thus — “ When  the  eye  has  been  for  some  time  fixed 
on  the  red  wafer,  the  part  of  the  retina  occupied  by  the  red 
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image  is  deadened  by  its  continued  action,  and  insensible  to  the 
red  rays  which  form  part  of  the  white  light  from  the  paper; 
consequently  will  see  the  paper  of  that  colour  which  arises  from 
all  the  rays  in  the  white  light  of  the  paper,  but  the  red  ; that  is, 
of  a bluish-green  colour,  which  is  therefore  the  true  complemen- 
tary colour  of  the  red  wafer.* 

That  this  explanation  is  not  correct  seems  to  me  to  be  proved 
by  the  following  experiment : — 

I,  at  night,  made  a room  (which  is  provided  with  thick  Ameri- 
can-leather blinds  for  ophthalmoscopic  purposes),  to  all  appear- 
ances, absolutely  dark,  then  viewed  with  the  left  eye  a small 
aperture  in  a dark  box  covered  with  a piece  of  emerald-green 
glass,  behind  which  was  the  nearly  white  flame  of  a lamp.  The 
right  eye  was  kept  closed,  and  covered  with  a thick  handkerchief. 
After  a time  I blew  out  the  light  in  the  box,  and  looked  at  a 
screen  covered  with  a sheet  of  dead- black  paper.  With  the  left 
eye  a large  carmine-coloured  projected  spectrum  of  the  flame 
could  be  seen ; with  the  right  eye  I generally  perceived  no 
spectrum  at  all,  or  if  any,  but  of  a very  faint  tint.  But,  if  the 
latter  eye  wTas  exposed  to  a white  light  during  the  first  part  of 
the  experiment,  I invariably  perceived  the  same  spectrum  with 
this  eye  as  1 did  with  the  left  one. 

This  experiment  shows  that  the  presence  of  white  light  is  not 
necessary  for  the  perception  of  complementary  ocular  spectra, 
and  further  would  appear  to  indicate  that  for  a sympathetic  spec- 
trum to  be  excited  in  the  eye  which  has  not  been  exposed  to 
the  colour-stimulus,  the  excitation  of  some  light  is  necessary. 

M.  Plateau  painted  one  half  of  a piece  of  paper  red,  the  other 
green ; and  after  alternately  directing  the  eyes  to  each  half, 
covered  them  with  a handkerchief,  and  observed  a black  image, 
having  on  each  side  a complementary  coloured  image.f  He 
hence  inferred  that  u the  combination  of  accidental  colours  pro- 
duces black.”  Sir  D.  Brewster  very  properly  objects  to  this 
conclusion,  11  because  the  eye  has  been  in  succession  rendered 
insensible  to  the  two  colours  which  compose  white  light  itself.’  j; 
Elsewhere  the  same  author  says,  11  If  we  take  the  two  comple- 
mentary colours,  namely,  the  red  and  the  green  tints  forming  the 
ordinary  and  extraordinary  pencils  in  the  polarized  ring,  which, 
by  overlapping,  form  white  light , then  it  is  manifest  that  the 
accidental  colour  of  the  overlapping  part  is  blacky  and  hence  the 
sum  of  the  action  of  the  red  and  green  acting  separately  must 
also  be  black.” § 


* Brewster’s  Optics,  1831,  p.  305.  t Annales  de  Ckimie  for  1833. 

f Loud,  and  Edinb.  Phil.  Magazine  for  May,  1839,  p.  335. 

§ Op.  Cit.  for  December,  1839,  p.  437. 
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Notwithstanding,  however,  the  authority  of  Sir  D.  Brewster, 
the  following  experiment  which  I have  performed  appears  to  me 
rather  to  corroborate  Plateau’s  view.  If  the  two  halves  of  a card 
painted  red  and  green  respectively,  be  illuminated  by  a green  or 
red  light,  they  appear  black.  In  the  same  way,  but  depending 
on  a different  cause,  the  two  halves  of  the  card,  if  viewed  through 
green  or  red  glass,  appear  black. 

Another  set  of  observations,  connected  in  a degree  with  the 
preceding,  may  be  here  noticed.  Chevreul*  distinguishes  two 
chief  species  of  contrast  of  colours,  simultaneous  and  successive 
contrasts.  But  an  examination  of  these  distinctions  shows 
them  in  my  judgment  to  be  more  apparent  than  real,  and  but 
the  expression  of  one  fundamental  fact,  viz.,  that  the  eye  on 
perceiving  any  one  colour  acquires  a tendency  to  see  its  com- 
plementary. Thus,  to  take  an  example  of  Chevreul’ s simul- 
taneous contrast: — If  a strip  of  red  and  one  of  yellow  paper  be 
viewed  side  by  side,  near  the  line  of  contact  the  red  paper  inclines 
to  violet,  the  yellow  to  green.  The  rationale  of  this  is  at  once 
obvious : the  red  mingling  with  the  complementary  of  yellow, 
i.e.,  blue,  produces  the  violet  tint ; whilst  the  yellow  mingling 
with  the  complementary  of  red,  i.e.,  green,  produces  a light  green; 
and  this  same  law  holds  good  in  the  juxtaposition  of  any  two 
colours  whatever.  By  the  term  successive  contrast  Chevreul 
designates  the  familiar  phenomena  of  complementary  ocular 
spectra,  of  which  a most  comprehensive  history  has  been  given 
by  Darwin  in  the  Philosophical  Transactions,  vol.  Ixxvi.  p.  33, 
et  seq.  Du  Tour  j-  thought  that  the  two  eyes  cannot  perceive 
each  a separate  colour  at  once.  He  says  that  if,  e.g.,  a blue  disc 
be  presented  to  one  eye  and  a yellow  one  to  the  other,  the  result 
is  that  the  mind  perceives  alternately  the  one  or  the1  other  colour, 
but  not  the  two  at  once.  But  I would  submit  that  these  two 
statements  do  not  include  the  whole  facts  of  the  case.  I took 
two  tubes,  each  lO^-  inches  long,  and  applying  the  end  of  one  to 
each  eye,  viewed  the  sky  through  them.  I found  that  when  the 
contiguous  edges  of  the  tubes  at  their  further  ends  were  some 
inches  apart,  two  distinct  white  circles  of  sky  were  seen  ; these 
circles  touched  when  the  edges  of  the  tubes  were  from  2^  to  2-Jj- 
inches  apart,  and,  when  closer,  the  two  circles  appeared  as  one. 
If  now  the  further  end  of  one  tube  was  covered  with  a piece  of 
green  glass,  the  end  of  the  other  with  a piece  of  red,  as  long  as 
the  ends  of  the  tubes  were  kept  not  closer  than  2£  to  2^  inches 
asunder,  the  two  coloured  discs  were  perceived  perfectly  distinct 


* “ The  Principles  of  Harmony  and  Contrasts  of  Colours,”  by  M.  E.  Chevreul. 
-j-  Memoires  tic  Matbfimatique  et  de  Physique  present6s  a l’Acadfimie  Royalo 
des  Sciences,  iii.  p.  514,  iv.  p.  499  ; Paris,  1760-63. 
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from  one  another  ; no  alternation  of  either  colour  to  the  exclusion 
of  the  other,  as  in  Du  Tour’s  experiment,  ensued,  so  long  as  the 
tubes  were  inclined  to  each  other  at  this  or  any  greater  degree 
of  divergence. 

Another  very  interesting  series  of  phenomena  depending  on 
the  intrinsic  sensibility  of  the  eye  to  the  impressions  of  colours, 
are  those  of  coloured  shadows.  The  first  exact  observations  on 
these  were  made  by  Count  Rumford.*  He  observed  that  the  two 
shadows  of  an  object  placed  in  front  of  a white  ground,  from  a 
white  and  a coloured  light,  were  of  the  two  colours  complementary 
to  the  latter.  I have  investigated  this  fact  a little  more  closely. 
The  method  adopted  has  been  to  throw  a white  and  a coloured 
(red)  circle  of  light  from  two  magic  lanterns  on  a white  screen, 
before  which  a slender  wooden  rod  was  placed.  It  is  easy  to 
satisfy  ourselves  that  the  red  shadow  is  produced  by  the  (otherwise 
colourless)  shadow  cast  from  the  interception  of  the  white  light 
being  simply  illuminated  by  the  other  red  light.  The  green 
shadow  is  the  shadow  produced  by  the  interception  of  the  red 
light,  illuminated  by  the  white  light.  These  coloured  shadows 
have,  by  Rumford  and  many  subsequent  observers,  been  ascribed 
to  the  effect  of  contrast.  But  this  appears  an  inadequate  expla- 
nation ; for  if,  with  one  magic  lantern,  a half-white  and  a half-red 
circle  of  light  be  thrown  on  a screen,  a shadow  thrown  across  the 
two  fields  is  simply  dark,  without  any  colour  at  all.  If,  again,  a 
red  and  a white  disc  of  light  be  thrown  from  two  magic  lanterns 
respectively  on  a screen,  so  as  partially  to  overlap,  where  the  over- 
lapping takes  place  two  complementary  shadows  of  any  object  are 
seen,  but  in  the  other  two  parts  of  the  field  only  one  colourless 
dark  shadow  is  seen. 

The  following  facts  seem  to  form  the  basis  of  the  explanation 
of  coloured  shadows: — Firstly,  the  experiment  of  Rumford f — ■ 
that  a piece  of  grey  paper  placed  next  to  a piece  of  coloured 
paper,  both  on  a black  ground  with  the  exclusion  of  extraneous 
light,  appears  tinged  with  the  complementary  colour.  Secondly,  I 
found  by  my  own  experiments  that  if,  in  a dark  room,  the  screen 
is  illuminated  with  a red  circle  of  light  from  a magic  lantern,  the 
greenness  of  the  shadow  and  the  redness  of  the  ground  on  which 
it  appears  are  inversely  proportional  to  one  another.  By  approxi- 
mating the  red  light  to  the  screen  this  becomes  redder,  whilst  the 
shadow  of  the  rod  placed  before  it  becomes  less  green  and  darker, 
till  it  becomes  an  ordinary  black  shadow ; that,  on  the  other 
hand,  removing  the  red  light  till  it  leaves  the  white  screen  but 

* Philosophical  Papers  by  Benjamin,  Count  of  Rumford.  London,  180-, 
vol.  i.  p.  333. 

f Op.  Cit.,  p.  33G. 
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faintly  tinged  with  red,  brings  out  the  green  shadow  very  pro- 
minently, and  on  admission  of  light  into  the  room,  a second  faint 
red  shadow  comes  out. 

Meusnier  observed  u that  when  the  sun  shone  through  a hole 
a quarter  of  an  inch  in  diameter  on  a red  curtain,  the  image  of 
the  luminous  spot  was  green.”  Another  observer,  Mr.  Smith  of 
Fochabers,*  states,  “If  we  hold  a narrow  strip  of  white  paper 
vertically,  about  a foot  from  the  eye,  and  fix  both  eyes  upon  an 
object  at  some  distance  beyond  it,  so  as  to  see  it  double,  then 
if  we  allow  the  light  of  the  sun,  or  a light  from  a candle,  to  act 
strongly  upon  the  right  eye  without  affecting  the  left,  which  may 
be  easily  protected  from  its  influence,  the  left  hand  strip  of  paper 
will  be  seen  of  a bright  green  colour,  and  the  right  hand  strip  of 
a red  colour.”  . - 

From  all  these  facts,  I think  the  conclusion  arrived  at  by  Sir 
David  Brewster  appears  highly  probable,  that  u as  in  acoustics, 
where  every  fundamental  sound  is  actually  accompanied  with  its 
harmonic  sound,  so  in  the  impressions  of  light,  the  sensation  of 
one  colour  is  accompanied  by  a weaker  sensation  of  its  accidental 
or  harmonic  colour.” f To  this  might  perhaps  be  added,  that  there 
is  a tendency  in  the  eye  to,  as  it  were,  decompose  white  light  into 
two  complementary  colours ; and  further,  that  the  predominant 
decomposition  is  into  red  and  green. 

Applying  this  theory  to  the  phenomena  of  coloured  ( e . g .,  red 
and  green)  shadows,  the  red  shadow  has  already  been  shown  to 
be  simply  due  to  the  illumination  of  a colourless  shadow  by  a red 
light ; whilst,  on  the  whole  of  the  rest  of  the  field  of  the  white 
screen,  the  red  tint  cast  from  the  magic  lantern  is  sufficiently 
powerful  to  overcome  the  green  tint  which  the  eye  would  other- 
wise perceive,  excepting  at  one  spot — namely,  that  which  does 
not  receive  any  red  light  on  account  of  the  interposition  of  the 
opaque  rod.  Here  the  green  (harmonic)  colour,  having  no  anta- 
gonistic red  to  overcome  it,  is  rendered  sensible  to  the  eye. 


* Brewster’s  Optics,  p.  405 ; London  and  Edinburgh  Philosophical  Magazine 
for  October,  1832,  vol.  i.  p.  249. 
f Brewster’s  Optics,  p.  309. 


